Abstract >> A glucose hydrothermal method is described for preparing hollow carbon spheres (HCS), which have a regular morphology and a high Brunauer-Emmett-Teller surface area of 28.6 m2/g. Scanning electron microscopy shows that they have thin shells and diameter between 2 and 8 μm. The HCSs were modified for the enhanced room temperature hydrogen storage by employing Ni nanoparticles on their surface. The Ni-decorated HCSs were characterized by X-ray diffraction, transmission electron microscopy coupled with an energy dispersive spectroscope, and an inductively coupled plasma spectrometer, indicating that fine and well-distributed Ni nanoparticles can be accomplished on the HCSs. The hydrogen uptake capacity in HCSs with and without Ni loading was evaluated using a high-pressure microbalance at room temperature under a hydrogen pressure upto 9 MPa. As much as 1.23wt.% of hydrogen can be stored when uniformly distributed Ni nanoparticles are formed on the HCSs, while the hydrogen uptake capacity of as-received HCSs was 0.41 wt.%. For Ni nanoparticle-loaded HCSs, hydrogen molecules could be easily dissociated into atomic hydrogen and then chemically adsorbed by the sorbents, leading to an enhanced capacity for storing hydrogen.
Introduction
Environmental concerns regarding the use of fossil fuels and their predicted exhaustion have been important global issues. Hydrogen has been considered as an attractive alternative to fossil fuels, because its use can exclude the evolution of carbon dioxide. However, determining a practical means of safe and effective hydrogen storage is still a key issue for realizing the hydrogen-driven society. Carbon-based materials, such as carbon nanotubes [1] [2] [3] , carbon nanofibers 4, 5) , activated carbon 6, 7) , carbon aerogels 8, 9) , and recently graphene 10, 11) have been considered as one of the major candidates for effective hydrogen storage, due to their unique porous texture and large specific surface area.
Especially, the porous carbon structures have attracted a significant scientific interest and shown promising hydrogen storage capacities by tailoring their pore structure [12] [13] [14] . Among many carbon-based materials, hollow carbon spheres (HCSs) should meet high standard of hydrogen storage materials including low density due to high surface area and large pore volume, chemical stability, good thermal insulation. It has been tried to synthesize well-arranged HCSs with uniform size and porosity, using hydrothermal method 19, 20) , templated process 21, 22) , spray pyrolysis 23) , reduction process 24) and HCSs have potential applications such as catalyst supports [15] [16] [17] , electrode materials for lithium rechargeable batteries 18) , and hydrogen storage media 12) .
Here, we adopted the hydrothermal reaction using glucose as the carbon source and sodium dodecyl sulfate (SDS) as an anionic surfactant to synthesize HCSs as an effective hydrogen storage adsorbent. This method is a scalable approach to obtain micron-sized HCSs ranging from 2 to 8 μm in diameter in large quantities and to easily control the morphology of HCSs and tune a reactive surface layer and void size in addition to its environmental friendliness. Moreover to further improve hydrogen uptake through the chemical adsorption of hydrogen atom, metal nanoparticle catalysts were dispersed on the surface of HCSs. The role of these metal nanoparticles is dissociation of hydrogen molecules to hydrogen atoms due to the spillover effect, resulting in an enhanced hydrogen uptake on the supporting carbon-based materials1 [25] [26] [27] [28] . definitely prove that the inside of these particles is hollow ( Fig. 1(a) ). The histogram in Fig. 1 From some fractured spheres, we could figure out that the shell of the HCSs has a thickness of approximately 50nm (inset of Fig. 1(b) ). In addition, various forms of small particles could be occasionally found, possibly resulting from the incomplete decomposition of the glucose and SDS. In order to confirm the characteristic texture of the as-synthesized HCSs, N2 adsorption isotherms at 77 K were measured, as shown in Table 1 .
Experimental

Results and Discussion
The isotherms exhibited a small hysteresis, suggesting the diversity of pores and the presence of micropores and mesopores in the product 22) . According to the BET analysis, the total specific surface area and total micropore volume of the as-synthesized HCSs were 28.6m 2 /g and 0.31cm 3 /g, respectively.
With the capability of synthesizing uniform shaped and sized HCSs, we examined how metal nanoparticles affect hydrogen storage on HCSs. Metal nanoparticles can be used as a catalyst to decompose hydrogen molecules to atoms. We dispersed Ni nanoparticles on HCSs due to its catalytic performances and reasonable cost for enhanced hydrogen uptake capacity, which can be explained by a spillover reaction 1, 27) . The appearance of Ni nanoparticles distributed on HCSs was examined by TEM, as shown in Fig. 2 . Fig. 2 . Meanwhile, XRD pattern of the Ni-deposited HCS (Fig. 3(b) ) also includes a new peak positioned at 44 o in addition to the original peaks attributed to carbon. As a result of indexing, it .
They reported that the enhanced hydrogen storage capacity of Ni/CNTs was attributed to the spillover reaction provided by Ni-decoration. In Fig. 5 , the hydrogen programmed desorption profiles between 25℃
and 400℃ indicate that Ni-deposited HCS presents two different peaks, the first one at low temperature and the second on around 230℃ of onset temperature.
However, in the case of HCS without Ni-decoration, there is no desorption peaks over the whole region.
According to previous literatures, the first and second peaks correspond to hydrogen adsorbed on the metal on the support and the interaction between the metal and the support, indicating the presence of spill over effect, respectively 30) . Therefore, it can be concluded that the higher hydrogen uptake for Ni-impregnated wt.% due to the spill over effect provided by the Ni nanoparticles uniformly distributed on HCSs.
Conclusion
